Background: Flexible flatfoot is a common finding in pediatrics. It is usually amenable to conservative treatment but in less frequent occasions, some cases are not optimally responsive to conservative measures. Calcaneo-stop procedure is minimally invasive and safe resort for this cases after failure of conservative measures.
Introduction
FLATFOOT is defined as a deformity where the medial arch of the foot is lower than normal and the entire sole of the foot comes into near-complete or complete contact with the ground. Whether or not flat foot represents a true deformity is questionable. For example, some authors regarded flat feet as "usual in infants, common in children, and within the normal range in adults" in assessing and
Correspondence to: Dr. Aly M. Fayed, The Department of Orthopaedic Surgery, Faculty of Medicine, Tanta University documenting the spontaneous development of the longitudinal arch. Others have concurred with these observations [1] . Despite the fact that conservative measures are successful in many cases, in some cases it doesn't work well as insoles and shoes inserts will never reconstructs or develop a compromised longitudinal arch. Jane MacKenzie et al., [2] concluded that there is no evidence that orthopedic shoes immediately improves the radiographic parameters in pediatric flexible flatfoot [2] . Conservative treatment in the form of rehabilitative exercises is favored over passive methodological proof [3, 4] . Also, the relatively hot humid atmosphere in Egypt and the relative high costs of insoles and supervised physiotherapy makes Calcaneo-stop procedure a suitable solution as its simple, reliable, safe and with low costs. The operative treatment flexible flatfoot could be categorized into: Soft tissue procedures (e.g. Achilles tendon lengthening or gastrocnemius recession, plication of talo-navicular joint capsule) usually these soft tissue procedures are used as adjuvant procedures. Bony procedures (e.g. Lateral column lengthening, medial displacement calcaneal osteotomy) and subtalar arthroereisis group which aims at limiting the movement of the subtalar joint in eversion or pronation.
Patients and Methods
A prospective study was conducted in Orthopaedic Surgery Department, Tanta University Hospital from first of May 2015 till the first of May 2017. 20 cases with mean age of 12.2 years (9-16, SD 2.4) were operated; all cases were followedup for at one year. Study protocol was approved by institutional ethical committee. All the patients had signed informed written consent to participate in the study and surgical procedures.
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All patients included in the study were complaining mainly from ankle and foot pain especially on prolonged standing due to flexible flatfoot and all were resistant to conservative treatment for six months. Conservative measures were delivered for all patients under direct supervision of staff members of Physical therapy department of Tanta University Hospital.
Inclusion criteria: Patients with idiopathic flexible flatfoot who have exhausted all means of supervised conservative measure for a period not less than six months in the age group of 8 to 18 years old.
Exclusion criteria: Patients outside the age group, neurological or neuromuscular disorders, congenital or post-traumatic and cases with other deformities of limb alignment e.g. genu valgum.
Operative technique: All patients were operated in the supine position, under general anaesthesia and without tourniquet. After optimum prepping, draping the lower limb, incision of skin and subcutaneous tissue is gently done exactly over the sinus tarsi about 2cm just below the lateral malleolus and for about 1.5cm long (Fig. 1) . Blunt dissection of soft tissue is done. Then the foot is manipulated in the corrected position. Using the 3.5mm drill pit to drill the path of the arthroereisis screw after confirming the entry site, which is located at the junction between anterior 1/3 and posterior 2/3 of sinus tarsi under image intensifier. Then a 6.5mm cancellous screw is advanced under image control while the subtalar joint is inverted. After confirming correction (eversion block of the subtalar joint, and maintained arch) irrigation of the wound, layered closure is done and postoperative wrapping in a bandage.
Methods of evaluation:
ACFAS score of hind foot was used for evaluation of all cases. Radiological assessment was performed on loaded Antero-posterior and lateral view to assess Kite's angle and Meary's angle respectively. 
Results
1-Meary's angle:
There is significant improvement in Meary's angle (p-value <0.001) the mean preoperative angle 24.75°±9.39 is while the mean postoperative angle is 3.7°±0.58 and it was also 3.7°±0.58 at final follow-up. With a 9.7°as a mean of reduction in the angle measurement.
2-Kite's angle:
There was also significant improvement (p-value <0.001) in this angle measurement with a mean of 8.75° reduction in angle measurement, as it had a mean of 30°±5 preoperative, a mean of 21.3°±3.2 postoperative and the same results in the final follow-up.
3-Patient satisfaction according to ACFAS score:
16 satisfactory results and only 4 unsatisfactory results (the mean score was 87 with a standard deviation of 6.6, the minimum score was 70 and the maximum score was 92).
Complications: No reported complications. 
Discussion
Pediatric flexible flatfoot remains a poorly defined pathology with little agreement regarding approaching it for proper management and till now no single method or operative technique is considered standard of care for this patients [5, 6, 7] .
The most popular method for treatment of pediatric flexible flatfoot is the conservative way in the form of stretching exercises of Achilles tendon and insoles. Despite the fact that conservative measures are successful in many cases, in some cases it doesn't work well as insoles and shoes inserts will never reconstructs or develop a compromised longitudinal arch [2] . Jane MacKenzie et al., [2] concluded that there is no evidence that orthopedic shoes immediately improves the radiographic parameters in pediatric flexible flatfoot [2] . Conservative treatment in the form of rehabilitative exercises is favored over passive measures in some studies but also this studies were of poor methodological proof [3, 4] . While the precise mechanism by which arthroereisis improves foot alignment remains to be elucidated, several studies [8] [9] [10] have demonstrated significant improvements in key radiographic parameters in the form of increased arch height and improved joint congruency following arthroereisis.
Arthroereisis represents a minimally invasive procedure capable of correcting flexible flatfoot through a combination of static, dynamic and proprioceptive mechanisms. As a treatment option it continues to polarize opinion. A focus on internal joint congruency rather than simple anthropometric measures may sharpen our understanding [11, 12] . There is a growing body of evidence linking abnormalities in joint malalignment to the development of osteoarthrosis with more recent observational studies have demonstrated a greater incidence of osteoarthrosis in flat feet compared with controls [13] .
In this study, We have a satisfaction rate of 80% which is closely matched to Koning et al., [14] and Viladtot et al., [15] . Also we have closely matched results to Usuelli et al., [10] and Richard M. et al., [9] who reported satisfaction rate of 89% of total of 34 operated feet. The difference may be attributed to the variation in methods of evaluation as they depend on subjective data while our satisfaction rate was determined according to results of ACFAS score which is comprehensive score including both subjective and objective parameters.
J. Jerosch et al., [16] , reported two patients out of eighteen patients (11%) unsatisfied with the procedure but there was no objective reason for that.
Giannini et al., [17] , reported unsatisfactory results in only 5% cases out of a total of 49 cases through a four year follow-up. The high satisfaction rate may be attributed to the large number of patients and the long follow-up in this study compared to our study in which we have a mean followup period of twelve months.
In this study, there were marked improvement in radiological parameters in both AP and lateral views. Meary's angle (talo-1 st metatarsal angle on lateral view) was significantly improved ( p-value <0.001) as the mean preoperative angle was 24.75°±9.39 while the mean postoperative angle was 3.7°±0.58 and it was also 3.7°±0.58 at final follow-up. With a 9.7°as a mean of reduction in the angle measurement. S. Calvo et al., [18] reported less correction of the angle with mean pre-operative of 16.5° and mean postoperative of 11.92°. Sakti P. Das et al., [19] reported less correction than our results using the 6.5mm cancellous screw with a mean pre-operative of 32.7° and mean postoperative of 18°.
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Also Kite's angle (Talo-calcaneal angle on AP view) which reflects hindfoot alignment was significantly improved (p-value <0.001) with a mean of 8.75°reduction in angle measurement, as it had a mean of 30°±5 preoperative, a mean of 21.3°±3.2 postoperative and the same results in the final follow-up Which is closely matched to the reported results by Pablo Fernandez et al., [20] as their preoperative mean was 32.2° and postoperative mean was 19. V. Pavon et al., [21] in their study using a cancellous screw in similar fashion as ours reported less correction of the angle with mean pre-operative of 31°±0.8 and mean post-operative angle of 24.9°± 1.8.
Giannini et al., [22] used an expandable endoorthesis and Castaman et al., [22] used a talar screw similar to our method both have managed to achieve a better correction than ours regarding Meary's angle with a mean of pre-operative 10.3°and mean postoperative 3° in the former study and mean preoperative of 11.2° and mean postoperative 2° while we have better correction regarding kite angle as their results was as follows mean pre-operative of 39° and postoperative of 27° mean pre-operative of 41° and postoperative of 31° respectively. Despit we have a higher mean preoperative Meary's angle correction compared to the previous studies we have reached nearly equal mean postoperative angle with greater mean of reduction in angle measurement.
Sakti P. Das et al., [19] , reported less correction of Kite's angle from a mean pre-operative of 30.92° to a postoperative mean of 23.07°. Our significant radiological improvement was not only evident by comparison to other studies of subtalar arthroereisis but it was also closely matched to many studies that have used more invasive techniques to correct flexible flatfoot. H. Sodre, A et al., [23] used the medial sliding calcaneal osteotomy to achieve results which was closely matched to ours with a mean pre-operative Meary's angle of 18.8° and mean postoperative 1.9° angle of. Mean pre-operative Kite's angle of 31.6° and mean postoperative angle of 20.8°. Hazem ElTayeby et al., [24] used combined Evans calcaneal lengthening osteotomy, arthrodesis of naviculocuneiform joint, lengthening of Achilles and rerouting of tibialis anterior tendon to plantar aspect of foot to correct severe cases of flatfoot, ther results was as follows mean pre-operative Meary's angle was 30.11° and mean postoperative was 8.53°, they have achieved a great degree of correction but their mean preoperative value was higher than ours and this may explain the need for this extensive interventions to correct these severe cases.
J. Mark Bruyn et al., [25] , has used arthroereisis as adjunctive treatment with Evans calcaneal lengthening osteotomy for severe cases with improvement of Kite's angle from mean preoperative 24.8° of to a mean postoperative of 2.8°. This also proves that arthroereisis could be combined with other procedures for treatment of flatfoot and it wouldn't hinder other interventions.
The implant that we have used was 6.5mm cancellous screw which is relatively cheap and of material that is used safely in many orthopedic interventions. Other variable specifically designed calcaneostop screws which made of silicone is more expensive and there is recorded severe synovitis related to the implant which necessitates removal of the screw [26] .
Viladot et al., [15] had used silicone implants with satisfaction rate of 79%, Koning et al., [27] had used implants seated within the calcaneus with satisfaction rate of 81.5%, While Giannini et al., [16] had used bioabsorbable free floating device with satisfaction rate of 95% comparing this results to ours, we found that our satisfaction rate of 80% is closely matched to Viladot et al., [15] and Koning et al., [27] but less than Giannini et al., [16] which may be due to the nature of the bioabsorbable implants used in his study or the self-locking wedge by which his implant acts.
There are some limitations in the study as the sample size which was relatively small and the relatively short follow-up time which if increased would significantly lighten some complications e.g. loosening of screws and effects on the surrounding joints of foot and ankle, Also longer follow up time may answer the major debate about the implant removal and fate of correction after implant removal, unfortunately this study can't answer this question due to the short follow-up time and there were no cases that we had to remove the screws. Lack of control group also was a limitation of this study.
The whole dependence on radiologic correction may have a wide range of inter and intra-observer discrepancies, so in this study we have used the comprehensive ACFAS score as it combines both subjective variables fulfilled by the patient, objective variables e.g. physical examination findings, footprint analysis and radiological assessment.
Superficial and deep infection at sinus tarsi didn't occur in this study as there is no cases which had suffered this infections while Black, PR et al., [28] , reported mean of 2.2% of superficial infection and mean of 0.6% of deep infection in their study using silicone implant. This may suggest that stainless screws are advantageous over silicon Another advantage in our study that there is no reported peroneal spasm in any of our cases while on the other hand Forg P, et al., [29] , reported a mean of 0.6% of peroneal spasm in their study and there is no clear explanation for this spasm.
Granberry et al., [30] , reported on a single case of avascular necrosis of the talus in one foot ten years following bilateral arthroereisis using a polyethylene device.
Through literature, there is some reported complications regarding overcorrection and forefoot varus but there is no if any reasonable explanation to this in literature and this study also doesn't provide an explanation for that, Although some reports suggest that pre-operative severity of valgus deformity may be a clue for this possible postoperative complications [18] .
One of main causes of failure of the procedure is the inability to address the pre-operative equinus deformity of the ankle which acts as a deforming force, in this study we were careful in pre-operative assessment to the equinus deformity by careful clinical examination.
Arthroereisis has the potential for "reversibility" [31] . Compared to alternative operative procedures, the operative insult is small and recovery more speedy when performed in isolation [31] . Where arthroereisis fails, the majority of patients recover to their preoperative state following implant removal. The technical simplicity of arthroereisis does not imply lack of corrective power, nor longevity of correction. Where complications do arise, removal of the implant appears to usually lead to uncomplicated recovery without the irreversible consequences sequelae seen with more aggressive interventions.
Conclusion:
Calcaneo-stop procedure is a simple, reliable and minimally invasive procedure for treatment of pediatric flexible flatfoot allowing the alignment of the talus and calcaneus and restoring the medial longitudinal arch of the foot. Proper patient selection, and addressing equinus deformity is important to get the best results. The use of intra-operative fluoroscopy helps to choose the proper size, length of the screw and the optimum direction. Using this minimally invasive technique could achieve correction that is comparable to other more extensive procedures e.g. Evans calcaneal lengthening osteotomy with less complication. Also, this procedure holds the unique criteria of being friendly to other procedures to be done in the same foot while in the same setting or in the future We recommend using the cancellous screw as its relatively cheaper than silicone implants and with limited side effects e.g. synovitis.
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